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Abstract: - In this paper an improved hierarchical clustering algorithm by a P system with active membranes is
proposed which provides new ideas and methods for cluster analysis. The membrane system has great
parallelism. It could reduce the computational time complexity and is suitable for the clustering problem.
Firstly an improved hierarchical algorithm was presented which introduced the K-medoids algorithm. The
distance of clusters is defined as the distance between the medoids of these clusters instead of the mean
distance between them. Secondly a P system with all the rules to solve the above hierarchical algorithm was
constructed. The specific P system is designed for the dissimilarity matrix associated with n objects. The
computation of the system can obtain one possible classifications in a non-deterministic way. Through example
test, the proposed algorithm is appropriate for cluster analysis. This is a new attempt in applications of
membrane system.
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1 Introduction clusters and merge them into one. Then put the

Clustering is a core problem in many fields such as information out into the output membrane and
data mining, machine learning, biology and compute distances between medoids as the distance
statistics. It describes the process of partitioning between clusters. And then find the closest two

data set into clusters so that intra-cluster data are ?I'Ir?lsstegrate an(ijs sg gg\;vugt'l Iﬁ;r:t)i/or?ngf(:lr?]ztr?]rlorlae:é
similar and inter-cluster data are dissimilar. 9y PP

Membrane computing has been applied in broad computing.
fields such as graph theory, finite state problems,
and combinatorial problem. Membrane computing . .
approaches are more suitable used to solve many 2 The _ |mpr9V9d Hierarchical
combinatorial problems because of the vast Clustering Algorithm
parallelism. The parallelism lessens the time The hierarchical clustering algorithm is a classical
complexity of clustering process so it meets partitioning algorithm. A data set X ={x.,X,,...,x,}
;(;quwement of processing speed of the huge data [1, of n objects can be clustered into k clusters by it.
'This paper combines these two above to solve Firstly, an n*n distance matrix D, 'is defined to
the problem of clustering n objects to k clusters by show the distance between any two objects:
the hierarchical clustering algorithm. It uses the Wy, W, w,'
subscript i of point a, to represent the i-th object of Wy, Wy, w,,'
the original objects and it uses the dissimilarity of Dy’ = (1)

any two original objects to define the distance of
corresponding points a. Different clusters are
represented by different membranes and the Where, w;" is the dissimilarity between x; and
traditional hierarchical algorithm are improved. x[3]

First, each object composes one cluster. The =

distance between clusters is the same as the distance

between the objects. Second, find the closest two

W, W, w,

nn
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Secondly, the matrix elements w;'are changed
into integer w; by rounding for membrane

computing. The new matrix D, is as follows [4]:

mﬁl mﬁZ" VWn
W,, W, .. W.
21 22 2n
D, = )
Wnl Wn2 N Wnn

Then, the steps of hierarchical
algorithm are as follows:

1. Each object composes one cluster at first.
The distance between clusters is the same as
the distance between the objects.

2. Find the closest two clusters and merge
them into one cluster.

3. Compute distances between clusters again.

4. Repeat steps 2 and 3 until only one cluster
left [5].

There are four widely used measures for distance
between clusters. They are minimum distance,
maximum distance, mean distance and average
distance. The minimum distance and the maximum
distance represent the two extremes of the inter-
cluster distance. They tend to be overly sensitive to
outliers or noise data. The mean distance a middle
ground, but it also a little sensitive. The average
distance can overcome the sensitive issues of the
outliers. But it is hard to compute.

So, the mean distance is improved to the
medoids distance. It is more robust to noise and
outliers and easier to compute. The medoids
distance is the distance between the medoid of two
clusters. A medoid can be defined as one object of a
cluster, whose total distance to all the objects in the
cluster is minimal. That is to say, it is a most
centrally located point in the given data set.

clustering

3 P Systems with Active Membranes

P system is an abstracted membrane computing
model according to the mechanism of cells
processing chemical substances. According to the
differences of the biochemical reaction mechanism
of biological cells or tissues they simulate, they are
divided into three categories: Cell-like P Systems,
Tissue-like P Systems and Neural-like P Systems.
Cell-like P System simulates the structure and
function of cells, and its basic elements include
membrane structure, objects and rules. Membranes
divide the entire system into different regions. The
outermost membrane is called the skin membrane. If
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the interior of a membrane has no other membranes,
it is called basic membrane, otherwise non-
elemental membrane. Objects and rules exist in
various regions. Usually objects are indicated by
characters or strings. Rules are used for processing
objects or membranes within corresponding region.
The implementation of rules has uncertainty and
maximum parallelism. P System is specifically
divided into three types from differences of rules:
transition P system, P system with communication
rules and P system with active membranes [6]. The
basic membrane structure is shown in Fig.1.
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Fig.1. the basic membrane structure

The membrane structure of P systems with active
membranes changes with the implementation of the
rules when calculating. It can generate space of
exponential growth in linear operation steps and this
is helpful to solve computationally hard problems in
a feasible time frame.

In general, a P system with active membranes of
degree m is a construct:
[1= O ,u,w ,w W R R, WR DD
Where:

1. O isan alphabet. Its elements are called objects;
2. u is a membrane structure of degree m, each

membrane has a  corresponding label,
H ={1,2,...,m}is the label set of [ ] ;
3. w(i=12,..,m) is the multiset of objects in
membranei ;
R(@i=12,..,
membranei
The basic evolution rule is a pair (u, v) in the
form of (u—v), [8], where u is a string over V and
v=v' or v=v's where v' is a string
over {&..,a,,. &, |[aeV,1<j<m}, and 5 is a

3)

m) is the evolution rules of

special symbol not in V. When a rule contains &, the
membrane will be dissolved after performing the
rule. r is promoters or inhibitors and r=r' or

= —r'.One rule can execute only the promoters r'
appear and one rule can stop only the inhibitors
appear. The length of u is called the radius of the
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ruleu — v. R, is the finite set of the evolution rules.
Each R, is associated with the region i over the
membrane structure u. p; is a partial order relation
over R, called precedence relation. High priority

rule is executed prior. [9]. The active membranes
have special rules as follows:

(2) object evolution rules:

[[a—>V],heH,ee{+-,0},ac0,ve0

When the electric charge of membrane h* is
e,(when e is 0,it means membrane h* has no
polarity and can be ignored),the object a evolves
into v.

(b) communication rules:

al, I =[0Iy . Laly = [y

b,heH,e e, e{+—-0}abeO

When the electric charge of membrane h* is e,
the object a out of the membrane evolves into object
b and is introduced in the membrane or the object a
in the membrane evolves into object b and is sent
out of the membrane. Also the polarization of the
membrane can be modified, but not its label.

(c) dissolving rules:

[,al; >b heH,e e, e{+-,0}abeO

When the electric charge in membrane h* is e
and the object a appears in membrane h* , this
membrane can be dissolved. The object a evolutes

into the object b and the other objects do not change.
(d) Division rules:

[,aly — [bl; [ eIy
heH,e,e,,e; e{+—0}ab.ceO
When the electric charge in membrane h* is e

and the object a appears in membrane h* , the
membrane is divided into two membranes with the
same label, maybe of different polarizations; the
object a specified in the rule is replaced in the two
new membranes by objects b and c. All objects
different from a are duplicated in the two new
membranes.
(e) Fusion rules:

[ bJ; [ el — [ aly
heH,e,e,, e, e{+,—,0}ab,ceO
This rule is opposite to the division rules.
5. i, Is the output membrane to save the calculation

result[7].

The P system for clustering is defined as follows:
[1=0©,u,M;,M,,... MM, ,,R,,R,,.... R, ,R.11, P)
Where:

1) 0= {Au’ Aoy A}n,alidl,Z,wlz’d1,3,W13’d1,4,wl4 ""’dl,n,wln ,d
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Rules of P system with active membranes
perform in the manner of uncertainty and maximally
parallelism, so it can solve difficult problem in
calculating in a feasible time frame. When
calculating, rules are wused uncertainly and
maximum parallel in each membrane. After a
number of steps, the P system halt if no rules can be
performed and the objects in the output membrane is
the result. If rules are always performed, the P
system can’t halt, then the calculation is invalid, and
there will be no result [8].

4 A P System for the Hierarchical
Clustering Method

41 The P System for the Hierarchical

Clustering Method

When including a subsection you must use, for its
heading, small letters, 12pt, left justified, bold,
Times New Roman as here. a P system for the
improved hierarchical algorithm is proposed. Its

structure is depicted in Fig.2.
13,wg ! UL 4w, 1t dllnvwln 'Q

An Ay Ay s
d d n+l

d d d
2,4,Wyy ""'d2,n,w2n 0

1.2,w, !

2,3,Wy3?

d

=140, W

Fig.2 the P system for the k-medoids clustering

method

It use the subscript i of the points a, to represent
the i-th object of the original objects and use the
matrix D, to compare the similarity between the n
objects. The specific algorithm is followed:

First, it set the maximum data in the
matrix D, Max, the minimum data in the
matrix D,, Min and set the absolute value of these
two Abs for convenience.

d d

2,3,Wp3 1 2,4, Wy 1T 20, Wy T Fin=1n, W g

,S01 Oy}
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0 represents the collection of objects in the P system.

2) w=hbd bl Ll hadad

u represents the membrane structure of the P system.

3) Mo Z{Ani Azz e Am,al’ dl,z,w12 ’d1,3,w13 , d1,4,w14 1een dl,n,w1n ’d2,3,w23 , d2,4,w24 1een dz,n,wZn yeen dn—l,n,wn,lyn}

M1 2{50’511A11}v Mz :{50151’A22}’"-’ Mn :{50’51’Ann} Mn+1 ={1}

M represents the collection of initial objects in each membrane. M

The rules inR, [9,10]:

is the output membrane of this P system.

n+1

n=107 A Ay i = M Ay 'A‘jqdi,j,wpq )@y - ’7i(i+1>)ﬂ(ApUAm> [1<1,4,p.g=n —1<t<Max}

O =y = Manisny 111N =1}
r3 :{nn(m—l) g ﬂ'}

r={(([A 1[5, 6 Ayl = by [A, . 3, ¢ 1) U (A A, = 2)
)(di‘j,o)Uﬂl{ |1SI! jv P:q Sn,lﬁtﬁ n—l}U{(an _)#)in

U, —» dtij )in

n+l

)(di,jvo)uan |1<i,j, p,a<n}

n+l

b={(d;,, > d 1), U o — dy i)y [1<ij,t<n,-1<p<Max}

r,={b, > 1|1<i, j<n}
r,={d . .d

it T ot T gy vjn(n,l) vtn(n_l)
2 2 2

TherulesinR (1<i<n) :

d -1, -1 —1d i1, Lt —1"* d

i i 1<i, j<n,1<t < Max
ho-n ey ey | '] ! t a }
7 5t 1

L'={e0a > a0 L<i<nU{(a6 > ad,,) ,L<i<nl<t<n-1}
r,'={s0a;A, »b0s,,, . A, l1=i, j, p,h<n|t|<nAbs}

r,'={s;A,0, = s,A,a, |-nAbs<i<0,1< j, p,h <n}U{s A

r,'={b, >a |1<i<n}
r'={{ = ., 11<i<n}

fs '={5n+lAjpat - (at+lAjp7711’ OUt)5lAjp #|1<],p<n}

p={r>r1<ii<7}U{r '>r, '[L<i<j<6}

4.2 An Overview of Computations

When including a subsection you must use, for its
heading, small letters, 12pt, left justified, bold,
Times New Roman as here. Membranes 1 to n
represent the n clusters in initial condition. The
object A, shows that the medoid of i-th cluster is X,
at this time. Rules in membrane 0 execute firstly.
The object d. ., shows that the distance between

membrane i and membrane j is t. Let all the third
subscript t decrease at the same until one of them is
zero (An objectd, ; , appears). It means that cluster i

and cluster j are the nearest clusters. (If more than
one d;;, appear at the same time, one of them is

ij.t

chose uncertainly.) Next the object A, in cluster j
changes to a, (Because there is only one medoid in

one membrane, it is set the medoid of membrane i.
The medoid of membrane j changes to ordinary
point.) and all objects in membrane j is merged into

E-ISSN: 2224-2872

55

0, = $,A,3,}|0<i<nAbs,1<j, p,h<n}

ip

cluster i. The object ¢, enters into membrane i to
active rules in membrane i to re-determine the
medoid because there are new points entered. At the
same time, A, and A, disappear, all objects

d;;, and d,

jum are changed to d, , , because
membrane j has disappeared and d

4 1S sent to
membrane n+1 to show that membrane i and
membrane j is merged in circle t. To this, the two
nearest clusters are merged.

If any membrane from 1 to n accepts an object ¢, ,
this membrane should re-determine its medoid.
Each point will be set as the new medoid from

a, .Then calculate the difference between the
dissimilarity between the new medoid and the
remaining point and the dissimilarity between the
original medoid and the remaining point and add the
data to the subscript of object S. If the subscript of S
is less than O after calculating all the dissimilarity
with remaining points, the pointa, can reduce the

total consumption. So it is set as the new medoid.
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Else the original center point is maintained, rename
objectO, toa, . The objectd,,, is produced to go to
the next cycle to compare the object a, and the
medoid and so on until all the objects a; are
compared. Last objects in this membrane are
restored to initial state and the information of the
medoid and the object ¢, (This shows the
hierarchical clustering algorithm goes into the next
circle.) and,, are put out. The object #is used to
stop the computation step.

The object ;,, actives rules in membrane 0. The

objects d, ;, are re-valued according to the new
medoids. Then, it goes to the second circle. When
there is only one cluster left, the computation is

over.

5 Test and Analysis

To illustrate how the membrane system shown in
Fig.2 run specifically, the 7 integral points (1,1),
(2,1), (2,2), (3,4), (4,2), (4,3), (5,4) shown in Fig.3
is considered:

6
5
4 L J @
=3 L
2 o L J
1 @ L
00 1 2 3 4 5 6
X
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Fig.3 the 7 points waiting for being clustered
First of all, it defines the dissimilarity
matrix D,," . In this example, it uses the distance

between any two points as the dissimilarity. Because
the points are integral points, matrix D, is the same

to matrix D,,":
0 1 2131013 25
1 01105818
2 1 054513
=D,'=[13 10 5 052 4 (4)
10 54 5015
13 8 5 2102
2518 134520

7

The membrane system clustering these seven
numbers into two classes is shown in Fig.4:

All’ A22""’ A77,a1’
d1,2,1’d1,3,2’d1,4,13""’d1,7,25’ Q
d, . d d .

2,410 ¥2,7,181

g,

Fig.4 the P system clustering seven numbers into
two classes
Steps of two circulations of the clustering are
listed in Table 1 and Table 2. Because the steps are
almost the same, only parts of them are listed here.

Table 1 steps of the first circulation of the clustering

membrane number 0
t:

Ail’ AZZ’ A33’ A44’ ASS' AGG’ A77‘a1’ d1,2,1’ dl,S‘Z ! d1,4,13’ dl,5,10 ! d1,6‘13' d1,7,257 d2,3,1’ d2,4,10’

d2,5,5 ' d2,6,8 ' d2,7,18’ d3,4,5 ' d3,5,4 ' d3,6,5 ' d3,7,13’ d4,5,5 ' d4,6,2 ' d4,7,4 ' d5,6,1’ d5,7,5’ d6,7,2

t:

Ail’ AZZ’ A33’ A44’ A’>5’ '%6’ A77,a1’ d1,2,0’ d1,3,1’ d1,4,12 ! d1,5,9 ' dl,G,lZ ! dl,7,24’ d2,3,0’ d2,4,9’

d2,5,4 ’ d2,6,7 ’ d2,7,17 ! d3,4,4 ' d3,5,3’d3,6,4 ' d3,7,12 ' d4,5,4 ' d4,6,1’ d4,7,3’ d5,6,0’ d5,7,4’ d6,7,1(r7)

t,:

Asa’ Ay, '%sv Aee’ A77'd1,2,0!d1,3,11 d1,4,12’d1,5,9'd1,6,12’d1,7,24' d2,3,0!d2,4,9’

1 2 n+1
Sp: 01, S, 0Py, A
S, 01, A, Sps 01y, A
S, 01 AL, 4 3y X S

d2,5.4 ’ d2,6,7 ’ d2,7,l7 ! d3.4.4 ’ d3,5,3’d3,6.4 ’ d3,7,12 ' d4.5,4 ' d4,6,l’ d4.7.3’ d5,6.0’ d5,7,4’ d6,7,1’ b12(r4)
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Table 1(continued) steps of the first circulation of the clustering

membrane number 0

t,:

Asza A441 A55! Assl A77 ! d71,71,711 d1,3,11 d1,4,12 ' d1,5,9 ! d1‘6,12 ' d1,7,24! d—l,—l,—l' d2,4,9!

d2,5,4' d2,6,7vd2,7,17vd3,4,4'd3,5,3l d3,6,4vd3,7,12'd4,5,4! d4,6,1’ d4,7,3! ds,e,o’ d5,7,4’ de,7,1l blz(rs)
t,:

Aas’ Azw Ass’ Aeel A77 ! d71,71,71’ d1,3,1' d1,4,12 ' d1,5,9 ! d1,6,12 ' d1,7,24! d—l,—l,—l' d71,71,71’

d2,5,47 d2,6,7vd2,7,17vd3,4,4’d3,5,3’ ds,e,zuda,7,127d4,5,47 d4,e,11 d4,7,3v ds,e,ov d5,7,41 de‘7,1’ by, (1)
t:

A33’ Azw Ass’ Assl A77 ! d—l,—l,—l’ d1,3,1v d1,4,12 ' d1,5,9 ! d1,6,12 ' d1,7,24! d—l,—l,—l' d—l,—l,—l’

d—l,—l,—l’ d2,6,7’d2,7,l7’d3,4,4’ d3,5,3’ d3,6,4’d3,7,12’d4,5,4'd4,6,l' d4’7’3, d5,e,0'd5,7,4’ d6,7,1’b12(r5)
t;:

Ass’ A44’ Ass! Asel A77 ! d—l,—l,—l’ d1,3,1v d1,4,12 ' d1,5,9 ! d1,6,12 ' d1,7,24! d-1,-1,-11 d—l,—l,—l’

d—l,—l,—l’ d—l,—l,—l’ d2,7,17’d3,4,4' d3,5,3! d3,6,4’ d3,7,12’ d4,5,4ld4,6,1vd4,7,3lds,e,ovd5,7,4'd6,7,1’b12(r5)
t,:

%3’ A44’ A’)S’ A%G' A77 ' d—l,—l,—l’ d1,3,1' d1,4,12 ’ d1,5,9 ' d1,6,12 ! d1,7,24’ d—l,—l,—l’ d—l,—l,—l’

d—l,—l,—l’ d—l,—l,—l’ d—l,—l,—l' d3,4,4'd3,5,31 d3,6,4'd3,7,12'd4,5,4’ d4,6,1’ d4,7,3! ds,s,o’ d5,7,4ld6,7,1l blZ(rS)
t,:

A33’ A44’ ASS’ A\SS’ A77 ’ d—l,—l,—l’ dl,3,l' dil,4,12 ' d1,5,9 ’ d1‘6,12 ! dl,7,247 d—l,—l,—l' d—l,—l,—l’

d—l,—l,—l' d—l,—l,—l’ d-1,-1,-1v d3,4,41d3,5,31 d3,6,4'd3,7,12’d4,5,4’ d4,6,1’ d4,7,3! ds,s,o’ d5,7,4’d6,7,1(r6)
t,:

A33’ A447 ASS’ ABG’ A77 ' d—l,—l,—l7 dl,3,l' d1,4,12 ' d1,5,9 ' d1,6,12 ! dl,7,247 CI—l,—l,—l' d—l,—l,—l’

d-1,-1,-1l d-1‘-1,—11 d—l,—l,—l’ d3_4_4,d3‘5‘3, d3,6,4’d3,7,12’d4‘5‘4’ d4,e,11 d4,7,3! ds‘s,oa d5,7,4’d6,7,1
t,:

A33’ A44’ A\SS’ ABB' A77 ' d—l,—l,—l’ dl,3,l' d1,4,12 ' d1,5,9 ' d1,6,12 ! dl,7,24’ d—l,—l,—l' d—l,—l,—l’

d—l,—l,—l’ d—l‘—l,—l7 d—l,—fl,—l' C13,4,4 ’ d3‘5,3’ d3,6,4 ' C13,7,12 ! d4,5‘47 d4,6,1’ d4,7,37 d5‘6,0’ d5,7,4 ' d6,7,l
t,:

Ass’ AM’ Ass’ Asel A77 ! d—l,—l,—l’ d1,3,1v d1,4,12 ' d1,5,9 ! d1,6,12 ' d1,7,24’ d—l,—l,—l' d—lv—ly—l’

d—l,—l,—l’ d—l,—l,—l’ d—l,—l,—l' d3,4,4 ’ d3,5,3’ d3,6,4 ' d3,7,12 ! d4,5,4’ d4,6,1’ d4,7,3’ d5,6,0’ d5,7,4 4 d6,7,1
t,:

All ’ A33’ A44’ ASS’ AGG’ A77 ' aZ ! d—l,—il,—l' d1,3,1’ dl,4,12 ’ dl,5,9 ! d1,6,12 ' d1,7,24 ' d—l,—l,—l’ d—l,—il,—l'

d—l,—l,—l’ d—l‘—l,—l’ d—l,—l,—l’ d3,4,4 ' d3‘5‘3’ d3,6,4 ' d3,7,12 ! d4‘5‘4’ d4,6,1’ d4,7,3’ d5‘6,0’ d5,7,4 ' d6,7,1l 7711

Table 2 steps of the second circulation of the clustering

membrane number 0

t,:

AL AL AL A A Aray,dy ) 10d50,00,05,0050,00605,07 50,0 5 50d g,
d, o ,dy 3,0y 00y, ,,0565,056,,05;,,d,5,,0,6:,0,73.0560.0574,0g71,7;

t:

AL AL AL A A A, dy 050,00, 56,00 6050005 5,,0 5 1, d
dy 0y 0y 0y, 0 0505,056,,0555,0,6,,0,6:,0,75,0560:0s7.4:0g71.77, (1)

E-ISSN: 2224-2872 57

1 2 n+1

Sp 0, AL, 8, (R) X d,,
S0 AL, 0, (1) x dyy
So: Ay, 6y a, () X d,
So: Apsay,05,a,(nY) d,,
Sor Ay ,0,,8,(1) X d,,
Sor Ay, 05,8,(1) X d,,
Sor ALy, 85,a,(R) % iy
Sor A 0;,8,(h) % dyy,
Sor Ay G () x d,,
Sor Ay 10,8, (1) x d,,
5 6 n+1

S0 01, A Sp: 01, A d,;,
50101, A S0:01, A6 d,;,
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Table 2(continued) steps of the second circulation of the clustering

membrane number 0

t,:

All ! A33’ A44' A:S’ AGG' A77 ' aZ ' d—l,—l,—l’ d1,3,2 ! d1,4,13’ d1,5,10 ! d1,6,13 ' d1,7,25 ' d—l,—l,—l’ d—l,—l,—l’
d—l,—l,—l’ d—l,—l,—l’ d71,71,711d3,4,4’ d3,5,3! d3,6,4’ d3,7,12'd4,5,4vd4,6,1vd4,7,3’ ds,s,o’ d5,7,4! d6,7,1!7718(r1)
t,

Ail ! A33’ A44’ '%5' AEG’ A77 ! aZ ' d—l,—l,—l’ d1,3,2 ! d1,4,13’ d1,5,10 ! d1,6,13 ' dl,7,25 ' d—l,—l,—l’ d—l,—l,—l’
d—l,—l,—l’ d—l,—l,—l’ d—l,—l,—l' d3,4,4’ d3,5,3! d3,6,4’ d3,7,12'd4,5,4vd4,6,1vd4,7,3’ ds,s,o’ d5,7,4! d6,7,1!7723(r2)
t,:

Ail ' A33’ A44’ ASS' AGG’ A77 ' aZ ' d—l,—l,—l’ d1,3,2 ' d1,4,13’ d1,5,10 ' d1,6,13 ' d1,7,25 ' d—l,—l,—l’ d—1,—1,—1’
d71,71,71’ d—l,—l,—l’ d71,71,71'd3,4,4’ d3,5,3! d3,6,4’ d3,7,12'd4,5,4vd4,6,1vd4,7,3’ ds,e,o’ d5,7,4! d6,7,1’7723(r1)
L7

All ' %3’ A44’ '%5’ AGG’ A77 ' aZ ' d—l,—l,—l’ d1.3,2 ' d1,4,13’ d1.5,10 ' d1,6,13 ' dl,7,25 ' d—l,—l,—l’ d—l,—l,—l’
d—l,—l,—l’ d—l.—l,—l’ d—l,—l,—l' d3,4,4’ d3,5,3’ d3,6,4’ d3,7,12 ' d4,5,4 ' d4,6,1' d4,7,3’ d5,6,0’ d5,7,4’ d6,7,1’ 7728(r1)
b

All ! A33’ A44’ A:S' AGG’ A77 ' aZ ' d—l,—l,—l’ d1,3,2 ! d1,4,13’ d1,5,10 ' d1,6,13 ' d1,7,25 ' d—l,—l,—l’ d—l,—l,—l’
d—l,—l,—l’ d—l,—l,—l’ d—l,—l,—l' d3,4,4’ d3,5,3’ d3,6,4’ d3,7,12 ' d4,5,4 ' d4,6,1' d4,7,3’ d5,6,0’ d5,7,4’ d6,7,1! 7734 (rz)
b

A.l ! A33’ A44’ &5' AGG’ A77 ! aZ ' d—l,—l,—l’ dl,3,2 ! d1,4,l3’ d1,5,10 ! d1,6,13 ' dl,7,25 ' d—l,—l,—l’ d—l,—l,—l’
d—l,—l,—l’ d—l,—l,—l’ d—l,—l,—l' d3,4,5’ d3,5,3' d3,6,4’ d3,7,12 ' d4,5,4 ' d4,6,1’ d4,7,3’ dS,G,O’ d5,7,4’ d6,7,1! 7735(r1)
b,

Ail ' A33’ A44’ '%5' AGG’ A77 ' 0.’2 ' d—l,—l,—l’ d1,3,2 ' d1,4,l3’ d1,5,10 ' d1,6,13 ' d1,7,25 ' d—l,—l,—l’ d—l,—l,—l’
d—l,—l,—l’ d—l,—l,—l’ d—l,—l,—l' d3,4,5’ d3,5,4 ' d3,6,4 ' d3,7,12 ’ d4,5,4’ d4,6,1’ d4,7,3’ d5,6,0 ! d5,7,4 ' d6,7,1’ 7736(r1)
tg:

Ail ' A33’ A44’ ASS' A\SG’ A77 ' 0(2 ' d—l,—l,—l’ d1,3,2 ' d1,4,l3’ d1,5,10 ' d1,6,13 ' dl,7,25 ' d—l,—l,—l’ d—l,—l,—l’
d—l,—l,—l’ d—l,—l,—l’ d—l,—l,—l' d3,4,5’ d3,5,4 ' d3,6,5 ' d3,7,12 ’ d4,5,4’ d4,6,l’ d4,7,3’ d5,6,0 ' d5,7,4 ' d6,7,1'7737 (rl)
b

Ail ! A33’ A44’ A55' AGG’ A77 ' 0!2 ' d—l,—l,—l’ d1,3,2 ! d1,4,13’ d1,5,10 ' d1,6,13 ' dl,7,25 ' d—l,—l,—l’ d—l,—l,—l’
d—l,—l,—l’ d—1,—1,—1’ d—l,—l,—l' d3,4,5’ d3,5,4 ' d3,6,5 ' d3,7,13' d4,5,4 ' d4,6,1’ d4,7,3' d5,6,0 ' d5,7,4 ' d6,7,1'7738(r1)
!

Ail ! A33’ A447 '%5' AGG’ A77 ' 0!2 ' d—l,—l,—l’ CI1,3,2 ! d1,4,l37 dl,S,lO ' d1,6,13 ’ dl,7,25 ' d—l,—l,—l’ d—l,—l,—l’
d—l,—l,—l’ d—l,—l,—l’ d—l,—l,—l' d3,4,5’ d3,5,4 ' d3,6,5 ' d3,7,13 ' d4,5,4 ! d4,6,1’ d4,7,3' d5,6,0 ' d5,7,4 ' d6,7,l'7745(r2)
t,:

Ail ' A33’ A44’ ASS' A\SG’ A77 ' 0!2 ' d—l,—l,—l’ d1,3,2 ' d1,4,l3’ d1,5,10 ' d1,6,13 ' d1,7,25 ' d—l,—l,—l’ d—1,—1,—1’
d—l,—l,—l’ d—l,—l,—l’ d—l,—l,—l' d3,4,5’ d3,5,4 ' d3,6,5 ' d3,7,13 ' d4,5,5’ d4,6,1’ d4,7,3’d5,6,0 ' d5,7,4 ' d6,7,1' 7746 (r;l)
t,:

All ! A33’ A44’ '%5' A%G’ A77 ! aZ ! d—l,—l,—l’ dl,3,2 ! d1,4,l3’ d1,5,10 ' d1,6,13 ' dl,7,25 ' d—l,—l,—l’ d—l,—l,—l’
d—l,—l,—l’ d—l,—l,—l’ d—l,—l,—l' d3,4,5’ d3,5,4 ' d3,6,5 ' d3,7,13 ’ d4,5,5’ d4,6,2 ! d4,7,3’ d5,6,0’ d5,7,4’ d6,7,1’ 7747 (rl)
t:

Ail ! A33’ A44’ &5' AGG’ A77 ! 0.’2 ' d—l,—l,—l’ dl,3,2 ! d1,4,l3’ d1,5,10 ! d1,6,13 4 d1,7,25 ' d—l,—l,—l’ d—l,—l,—l’
d—l,—l,—l’ d—l,—l,—l’ d—l,—il,—l' d3,4,5’ d3,5,4 ' d3,6,5 ' d3,7,13’ d4,5,5’ d4,6,2 ! d4,7,4 ! d5,6,0 ' d5,7,4 ' d6,7,1' 7748(r1)
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SO ! 51 'ASS

SO’é‘l’ASS

S01 01, A

SO’é‘l’AEQS

SO ' 51 ’A\SS

SO’5I’A55

50,51,A55

S0 ' 51 ’A55

SO ' 51’A55

SO ’ 517&5

SO ' 51 ’A55

SO ! é‘l’p\:ﬁ

SO ’ 61 ’AJS
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SO ' 51’A66

SO ' 61 'AGG

S0: 01, A%

SO ! 51'AGG

S0’51’%6

SO ' é‘l 'AGG

SO ' 61 'AGG

S()‘51"&66

SO ! 51’A66

S0 ! 51 'A%G

s0‘51’A66

SO ! 51"%6

SO ! é‘l‘AGG

n+1

d112

d112

d112

dllZ

d112

d112

d112

d112

d112

d112

dllZ

d112

d112
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Table 2(continued) steps of the second circulation of the clustering

membrane number 0
t,:

Ail ! A33’ A44’ '%5' AGG’ A77 ' 0!2 ' d—l,—l,—l’ d1,3,2 ! d1,4,l3’ d1,5,10 ' d1,6,13 ' d1,7,25 ' d—l,—l,—l’ d—l,—l,—l’
d—l,—l,—l’ d—l,—l,—l’ d—l,—l,—l' d3,4,57 d3,5,4 ' d3,6,5’ d3,7,13 ' d4,5,57 CI4,6,2 ' d4,7,4 ! d5,6,0 ' d5,7,4 ’ d6,7,1’ 7756(r2)
| PP

Ail ' A33’ A44’ ASS’ AGG’ A'77 ' a2 ’ d—l,—l,—l’ d1,3,2 ! d1,4,13’ dl,S,lO ' d1,6,13’ dZI.,7,25 ’ d—l,—l,—l’ d—l,—l,—l’
d—l,—l,—l’ d—l,—l‘—l’ d—l,—l,—l' d3,4,5’ d3,5,4 ' d3,6,5’ d3,7,13 ' d4,5,5’ d4,6,2 ' d4,7,4 ! d5,6,1’ d5,7,4’ d6‘7,1’ 7757 (rl)
th

Au ' Ass’ A44’ '%5' A&se! A77 1y, d—l,—l,—l’ d1,3,2 ' d1,4,13! d1,5,10 ' d1,6,13 | d1,7,25 ) d—l,—l,—l' d—l,—l,—l’
d—l,—l,—l’ d—l,—l,—l’ d—l,—l,—l' d3,4,5’ d3,5,4 ' d3.6,5’ d3,7,13 ' d4,5,5’ d4,6,2 ' d4,7,4 ' dS,G,l’ d5,7,5’ d6.7,1’ 7758 (rl)
t,:

Ail ! A33’ A44’ '%5' AGG’ A77 ' aZ ' d—l,—l,—l’ d1,3,2 ' d1,4,13’ d1,5,10 ' d1,6,13’ d1,7,25 ' d—l,—l,—l' d—l,—l,—l’
d—l,—l,—l’ d—l,—l,—l’ d—l,—l,—l' d3,4,5’ d3,5,4 ' d3,6,5 ' d3,7,13 ' d4,5,5’ d4,6,2 ' d4,7,4 ! d5,6,1’ d5,7,5’ d6,7,1’ 7767 (rz)
ty:

Ail ' A33’ A447 A35' AGG’ A'77 ' a2 ' d—l,—l,—l’ d1,3,2 ' d1,4,137 d1,5,10 ' d1,6,13 ' dl,7,25 ’ d—l‘—l,—l’ d—l,—l,—l’
d—l,—l,—l’ d—l,—l,—l’ d—l,—il,—l' d3,4,57 d3,5,4 ' d3,6,5 ' d3,7,13 ' d4,5,5’ d4‘6,2 ' d4,7,4 ! d5,6‘1’ d5,7,5’ d6,7,2 ' 7768 (r]_)
ty:

All ' AP;S’ A44’ ASS’ AGG’ A'77 ' aZ ' d—l,—l,—l’ d1,3,2 ! d1,4,13’ d1,5,10 ! d1,6,13 ! d1,7,25 ! d—l,—l,—l' d—l,—l,—l’
d—l,—l,—l’ d—l.—l,—l’ d—l,—l,—l' d3,4,5’ d3,5,4 ' d3,6,5’ d3,7,13 ' d4,5,5’ d4,6,2 ' d4,7,4 ' d5,6,1’ d5,7,5’ d6,7,2 ' ’778 (rz)
ty:

Ail ! A33’ A44’ '%5' A66’ A77 ' aZ ' d—l,—l,—l’ d1,3,2 ! d1,4,13’ d1,5,10 ' d1,6,13 ' dl,7,25 ! d—l,—l,—l' d—l,—l,—l’
d—l,—l,—l’ d—l,—l,—l’ d—l,—l,—l' d3,4,5’ d3,5,4 ' d3,6,5’ d3,7,13 ' d4,5,5’ d4,6,2 ' d4,7,4 ! d5,6,1’ d5,7,5’ d6,7,2 (r3)
t,:

Ail ! A337 A447 '%5' AGG’ A77 ' 0!2 ' d—l,—l,—Z ' d1,3,17 d1,4,12 ! d1,5,9 ' dl,6,12 ' d1,7,24’ d—l,—l,—Z ' d—l,—l,—Z’
d—l,—l,—Z ! d—l,—l,—Z ! d—l,—l,—Z ! CI3,4,4 ’ d3,5,3 ' d3,6,4 ' d3,7,12 ! d4,5,47 d4,6,17 d4,7,3’ d5,6,0 ’ d5,7,4’ d6,7,1(r7)
t,:

Ail ! A33’ A44’ ASS’ AGG’ A'77 ' a2 ' d—l,—l,—Z ' d1,3,1’ d1,4,12 ' d1,5,9 ' d1,6,12 ' d1,7,24’ d—l,—l,—Z ' d—l,—l,—Z’
d—l,—l,—Z ' d—l,—l,—Z ! d—l,—l,—Z ! d3,4,4 ' d3,5,3 ' d3,6,4 ’ d3,7,12 ! d4,5,4’ d4,6,1’ d4,7,3’ dS,G,O ' d5,7,4’ d6,7,1(r7)

ty !

Au ' A33’ A44! A77 ' d71,71,72 ' d1,3,1’ d1,4,12 ' d1,5,9 ' d1,6,12 ' d1,7,24’ d—l,—l,—Z ' d—l,—l,—Z ' d—l,—l,—Z’

d—l,—l,—Z ! d—l,—l,—Z ! d3,4,4 ' d3,5,3’ d3,6,4’ d3,7,12 ' d4,5,4' d4,6,l' d4,7,3 ' d5,6,0 ' d5,7,4’ d6,7,1’ b56 (r4)

t,:

Ail ! A33’ A44’ A77 ' d—l,—l,—Z ' d1,3,1’ dl,4,12 ' d1,5,9’ d1,6,12 ' d1,7,24’ d—l,—l,—Z’ d—l,—l,—z* d—l,—l,—Z'

d—l,—l,—Z ! d—l,—l,—Z ! d3,4,4 ' d3,5,3’ d3,6,4’ d3,7,12 ! d4,5,4’ d4,6,l’ d4,7,3 ' d—l,—l,—l' d5,7,4 ' d—l,—l,—l' b56 (r5)
-

Ail ' A33’ A447 A'77 ' d—l,—l,—Z ' d1,3,17 d1,4,12 ' d1,5,9’ dl,6,12 ' d1,7,24’ d—l,—l,—z ' d—l,—l,—Z’ d—l,—l,—Z'

d—l,—l,—Z ! d—l,—l,—z ! d3,4,4 ’ d3,5,3’ d3,6,4’ d3,7,12 ! d4‘5,47 d4,6,17 d4,7,3 ’ d—l,—l,—l' d5,7,4 ’ d—l,—l,—l(re)

ty !
All 1 AP;S’ A44’ A77 ! d—l,—l,—z ! d1,3,1’ d1,4,12 1 d1,5,9 ! d1,6,12 ! d1,7,24’ d—l,—l,—Z ! d—l,—l,—2’ d—l,—l,—Z'

d—l,—l,—Z ! d—l,—l,—Z ! d3,4,4 ' d3,5,3’ d3,6,4’ d3,7,12 ! d4,5,4' d4,6,l' d4,7,3 ! d—l,—l,—l’ d5,7,4 ' d—l,—l,—l
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50,61,16\55

s0 ! 51 ’ASS

S0:00Ass

SO ’ 51 ’A55

SO ' 51 'ASS

SO’@[’A’)S

SO ’ 51 'A\SS

SO ’ 51 7A55

S0 ' 51’A‘55

S0 01, A5, 85,y

S01 05 Pss 86, 4, (1)

S0+ 03,55, 85, 2

S0 04Ass1 85,5 (1)

SO ’ 51’A66

SO ’ 51’A56

SO ! 51 'A%G

SO ' 51 'AGG

SO ! 51 'A%G

SO ’ 51 ’A%G

SO ’ 51 ’A66

S0’@["%56

s0’51"%6

X

X

X

(r)

X

Yuzhen Zhao, Xiyu Liu, Jianhua Qu

n+1

d112

d112

d112

dllZ

d112

d112

d112

d112

d1].2

d112 ! d 256

d112 ' d 256

d112 ' d 256

dllZ ' d256
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Table 2(continued) steps of the second circulation of the clustering

membrane number 0

t; !

Ail ' A33’ A44’ A77 ' d—l,—l,—Z ’ d1,3,1l d1,4,12 ' dl,5,9 ' d1,6,12 ' dl,7,24’ d—l,—l,—2 ' d—l,—l,—Z‘ d—l,—l,—Z’

d—l,—l,—Z ' d—l,—l,—Z ’ d3,4,4 ' d3,5,3‘ d3,6,4 ' d3,7,12 ' d4,5,4 ' d4,6,l' d4,7,3’ d—l,—il,—l' d5,7,4 ' d—l,—l,—l

ty:

Ail ! A33’ A447 A77 ! d—l,—l,—Z ! dl,3,l’ d1‘4‘12 ' d1,5,9 ! d1,6‘12 ' d1,7,247 d—l,—l‘—Z’ d—l,—l,—Z’ d—l,—l,—Z’

d—l,—l,—Z ! d—l,—l,—Z ’ d3,4,4 ' d3,5,3'd3,6,4 ' d3,7,12 ' d4,5,4 ' d4,6,l' d4,7,3’ d—l,—fl,—l' d5,7,4 ' d—l,—l,—l

ty !

All ! %3’ A44’ A77 ' d—l,—l,—Z ! d1,3,1’ dl,4,12 ' d1,5,9 ! dl,G,lZ ' dl,7,24’ d—l,—l,—Z ' d—l,—l,—Z’ d—l,—l,—Z’

d—l,—l,—Z ' d—l,—l,—Z ! d3,4,4 ’ d3,5,3’d3,6,4 ’ d3,7,12 ’ d4,5,4 ' d4,6,1' d4,7,3’ d—l,—l,—l’ d5,7,4 ’ d—l,—l,—l

ty:

All ! A33’ A44’ A77 ! d—l,—l,—Z ’ d1,3,1’ dl,4,12 ! d1,5,9 ! d1,6,12 ’ d1,7,24’ d—l,—l,—Z ' d—l,—l,—Z‘ d—l,—l,—Z’

d—l,—l,—Z ' d—l,—l,—Z ' d3,4,4 ! d3,5,3’d3,6,4 ! d3,7,12 ! d4,5,4 ! d4,6,l’ d4,7,3’ d—l,—l,—l’ d5,7,4 ! d—l,—l,—l

ty

Al ! A33’ A44’ A77 ! d—l,—l,—Z ! d1,3,1’ dl,4,12 ' d1,5,9 ! d1,6,12 ' d1,7,24’ d—l,—l,—Z’ d—l,—l,—Z’ d—l,—l,—Z’

d—l,—l,—Z ! d—l,—l,—Z 1 d3,4,4 ' d3,5,3’d3,6,4 ' d3,7,12 ' d4,5,4 ' d4,6,1’ d4,7,3’ d—l,—l,—l’ d5,7,4 ' d—l,—l,—l

ty,:

Au ) Assl A44’ A77!d-1,-1,-2’d1,3,1vd1,4,121dl,s,g’d1,6,12ld1,7,24’ d—l,—l,—Z’d—l,—l,—Z' d-1,-1,-2!

d—l,—l,—Z ! d—l,—l,—Z ! d3,4,4 ' d3,5,3' d3,6,4 ' d3,7,12 ' d4,5,4 ' d4,6,1’ d4,7,3’ d—l,—l,—l‘ d5,7,4 ' d—l,—l,—l

tyy:

Ail ' A33’ A44’ &5' A77 ' d—l,—l,—Z ' d1,3,1’ dl,4,12 ' dl,5,9 ' d1,6,12 ' dl,7,24 ' d—l,—l,—Z ' d—l,—l,—2’ d—l,—l,—Z’

5 6 n+1

S0: 05”5185, (1) X dpyy, Oy

Sp1 06 Pss, 85, A, () X Dy, 0ysg

S0:185: A, 05,y (1) X dypy, o
S0 G 85,0, (1) X dyy,, 0y
S0:07. A, 85,5 (1) % dyp,, 0y
S0 05 A 85,0, () %  dy,, 0y
Sor 0P, 85,y (1) x dy,, Oy

d—l,—l,—Z ' d—l,—l,—Z ’ d3,4,4 ' d3,5,3’d3,6,4 ' d3,7,12 ' d4,5,4 ' d4,6,1’ d4,7,3’ d—l,—l,—l’ d5,7,4 ' d—l,—l,—l’ 7711’ a3

4 Conclusion

This paper improves the hierarchical algorithm and
constructs a P system to realize it. This algorithm is
suitable for cluster analysis by example test, but it
needs to be further studied whether it is suitable for
cluster analysis of large amount of data. Speaking
from a theoretical point of view, the P system has
great parallelism. So it can reduce the time
complexity of computing and increases the
computational efficiency. The following research
work will focus on the theoretically analyze of the
algorithm's  time  complexity.  Additionally,
membrane computing is a new biological computing
method. Now its theoretical research is mature, but
its application is not particularly extensive. A lot of
applications will emerge in various fields in the
future. The application in cluster proposed in this
paper is one example. There are many clustering
method and this paper only use the hierarchical
algorithm. Membrane computing can be applied to a
variety of other clustering methods.
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